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1.0	Introduction
Geographic Information Systems (GIS) is a relatively new and fast developing science, initially developed in 1960’s in Canada to identify their land mass, its resources and their potential for human benefit, it has developed quickly, initially in large part by the military  to provide geographic data in a format that is visual and flexible allowing manipulation of many geospatial datasets, providing easier access and better understanding with the ability able to analyse and evaluate complex datasets to provide better decision making. Valuable on a global and local scale across all disciplines this scientific technique is proving invaluable in our fast moving world where informed decisions have to be taken in a timely way in the real world of environmental management.
With climate change the threat of flooding in many areas of the globe is modelled by GIS predicting the effects different weather scenarios could have on the geography and therefore the population of affected areas. 
The Welsh government has a Towards Zero Waste by 2050 strategy and an initiative called Beyond Recycling which is part of its circular low carbon economy vision where waste is eliminated from the Welsh economy and all items are reused. With a clear focus provided by The Wellbeing of Future Generations (Wales) Act 2015, a national indicator set and measured quarterly is the amount of waste generated per person, it has helped drive up the amount that is recycled. Its aims to make resource efficiency part of the Welsh culture and for Wales to lead the world in recycling waste.
Back in 1993 Elston and Buckland were promoting the use of GIS for modelling spacial distribution in environmental management. Stated benefits included the ability to demonstrate a wide range of datasets at differing levels of detail all at the same scale. This can be very useful, for example the data for a county can be shown and then data for smaller parts of the county down to street level can be added as layers, this can visually show results in both macro and micro detail. Higgs in 2006 highlighted a body of literature that promotes GIS when used as a part of wider framework of existing systems as an information tool helping build consensus across multiple viewpoints.
This case study looks at Wales and compared different spacial zones, firstly there was a need to choose how to examine different areas within Wales, the twenty two unitary authorities across Wales all provide separate and largely comparative data sets as they need to report back to the Welsh government across a wide range of data sets, so these were chosen as the spacial reference starting point.
The study is analysing geospatial data on public waste to monitor how it varies between the various unitary councils. Additionally, there was many opportunities to look at contributory influences of the populations waste patterns. Choices were made as to what could be major contributory factors, the following factors considered were: deprivation levels, educational attainment, rural and urban areas, location to major road networks, 
An earlier study (Woollam, 2006) looked at whether deprivation and the levels of recycling of household waste was correlated and found that in the two Welsh borough councils studied of Rhondda Cynon Taf and Caerphilly the large study of 114,000 households showed no significant correlation effect was found between the socio economic status of the household and the kerb side recycling rate. This study used  the Arcview GIS package, in addition to showing a colour coded visualization on a map of the differing kerbside recycling, the datasets were also used via the GIS package to produce scatter diagrams and  show analysis of linear regression. Increasingly the display of data and modelling using GIS is being used in micro scale as with our case study analysing waste generated by individual unitary authorities. (Goodchild, 2004)
2.0	Main Body
Crucial to the production of quality GIS is the requirement to only use reliable and trustworthy data from recognized sources, the old adage rubbish in rubbish out applies here. For the building of this case study thematic maps showing a range of different datasets within the same spacial areas were produced. The following sites were examined and used for the collection and integration of base data sets www.wastemanagementdatasets for information on waste management, www.ukdataservices providing boundary data, www.lle is a collaboration between Welsh government and Natural Resources Wales (NRW) with a focus on environmental issues and www.infuse providing National census data for ten year periods 2001,2011, 2021. Many other information packages are available, a useful mapping one from the ordinance survey OS Roam.
UK data services website provided the raw data, which was available to browse and select, initially the geographic area of Wales needed to be identified then this data is extracted, transferred and saved as a directory. This was then included onto a base map in GIS mapping software package Mapinfo Pro 16. 
The twenty two Welsh unitary authorities were added and saved as a first layer of detail on the base map. A search through the database allowed selection of datasets needing analysis. To be able to accurately compare each spacial zone, the data needed to be selected and cleansed to provide the same date period, in this case results for household waste produced per ton annually adjusted by population in each unitary zone for 2011 and 2021 were selected. By uploading into a suitable database for manipulation, cleansing of the data can take place. Excel 97 was used for this case study for this purpose. Each map is accompanied with its corresponding legend, carefully labelled to accurately detail what is shown on the map to ensure clarity for users to understand its relevance. 
A second layer was added to provide level of deprivation per authority using the deprivation index, this can be shown visually on the map in many ways including suitable small to large icons or with various charts. With twenty two areas available, I selected two unitary authorities Pembrokeshire and Neath Port Talbot to test a hypothesis whether there is a correlation between waste produced per household to poverty of the households within the two authorities. The case study also looked at general recycling and green (garden) waste recycling across the two authorities.
3.0	Maps


Map 1. 
One level of deprevation in each unitary authority in Wales, the darker the colour the more deprevation.[image: Graphical user interface

Description automatically generated with low confidence]The brackets show the local authorities that are catogorized within that level[image: Map
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Neath Port Talbot shows a higher proportion  of population with one factor of deprivation  when compared with Pembrokeshire.







Map 2.
No deprivation in each unitary authority in Wales, the darker the colour the greater the percentage of the population has no deprivation
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[bookmark: _Hlk97624254]Neath Port Talbot shows a higher proportion  of population with no deprivation when compared with Pembrokeshire.










Map 3.
The amount of household waste per household in Kg per annum in each unitary authority in Wales, the darker the colour, the greater the waste generated
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Neath Port Talbot shows very similar levels to Pembrokeshire of household waste generated   in Kg per household.












Map 4.
The amount of recycling and green waste composting in each unitary authority in Wales[image: Map
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Neath Port Talbot shows much lower levels than Pembrokeshire of household waste recycling and green (garden) waste recycling per household.
4.0	Results and Discussion
Visual interpretation of data on spacial areas such as a Map of Wales using colour changes to highlight differences can provide easy to understand changes that a stream of numerical data is not able to easily convey.(Goodchild, 2005)
When the data is compared between maps 1, 2 and 3, the levels of relative wealth and deprivation vary considerably between Neath Port Talbot (NTP) and Pembrokeshire but no correlation between these disparities is evident in the amount of household waste generated between households in the two distinct unitary authorities.
Overall recycling rates in 2020 are lower in NPT at 62% compared with Pembrokeshire at 72%  although both authorities are improving their performance (wastedataflow).
Over the past twenty years, Wales has improved its overall recycling rates of municipal waste from less than 5%  to  65% in 2019-20. This includes non-household waste but as 85% of municipal waste is household waste, this area has the greatest impact on the recycling rates. This exceeds the target of 64% and was achieved by eighteen of the twenty two authorities, Neath Port Talbot was one of the four failing to meet the target. (gov.wales, 2021) This is in large part achieved by strong leadership by Welsh government in systems and practices promoting best practice, called  the ‘Collections Blueprint’ that has been largely adopted by the majority of unitary authorities in the country. A Wales wide recycling target of 70% is set for 2025.
Green waste recycling shows a marked difference between NPT with relatively low rates of green waste recycling when compared with Pembrokeshire showing higher rates. (Neath port talbot.gov.uk, 2021) (Pembrokeshire.gov.uk,2021).
The map of the green waste recycling show that NTP has significantly less green waste recycling compared with Pembrokeshire. The graphs are a clear indication of this but the evaluation of the differing sizes of bars is subjective. With both authorities having similar general recycling rates, the reason for the difference in green waste recycling are unclear but not likely to be driven by relative wealth as the Pembrokeshire council charge £47 for an annual subscription service for a fortnightly wheelie bin green waste collection service from home whereas NPT offer a free fortnightly green waste collection in reusable bags from home with no quantity limits.
Pembrokeshire is a largely rural area which suggests properties with larger gardens than NPT a largely urban area. This would suggest that the amount of green waste generated from the household gardens could reflect the relative size of the gardens. Both authorities have similar numbers of households Pembrokeshire with 56,647 and NPT with 62768  (in 2020) (statswales.gov.wales, 2021)
5.0	Limitations
Consideration of the limitations that the results provide
When using GIS data in a map form results should be accompanied with estimates of error as the visual scale can be ambiguous in a visual format. The use of GIS both for modelling predictions and for showing results in datasets has limitations.
Science has always been rooted in the need for replication, the ability to rerun the study by others and come up with the same results, but due to the subjectivity of human interpretation and decision making when using GIS to display data, there is the very real possibility that simplistic visual interpretations without detailed text to explain the context can deliver something that is misleading. GIS  should be seen alongside existing complimentary methodologies providing scientific data to provide a powerful supporting role in the better understanding of the subject in question (Goodchild, 2004). 
Each software GIS system has its own nuances which can make it difficult for the user to accurately display the datasets in sufficient detail without through training and experience of the software. 
The benefits of the GIS system in engaging with the general public makes it very attractive but pose a risk if not handled with care, currently hundreds of thousands of users worldwide, many without through training in spacial data analysis and  best  practice application of this powerful technology could be producing work that misleading and inaccurate. 
6.0	Conclusions
GIS is a powerful and invaluable additional tool that provides a flexible technology to better interpret geospatial data presenting it in a more readily available format that can inform decision makers and allow better management decisions by highlighting areas of concern. With historical difficulties in accurately measuring large areas of land, the ability to digitalise these areas has allowed for quick, accurate measurements and combining this with its ability to store and manipulate thousands of data streams and depict them visually, it allows users  to model future trends providing the opportunity to play out different scenarios based on existing real life data to help to understand how changes to a set of parameters might affect future performance or outcomes.
Due to its operator subjectivity, where huge sets of data can be selected  and prominent highlights displayed, it is most accurately used when presented with accompanying scientific data to support its visual mapping layout.
This small study has shown how GIS software can use data from several data providers and combine them to show how all the unitary authorities of Wales are dealing with their household waste and enabled comparison of this across varying levels of deprivation in NPT and Pembrokeshire, showing  a consistency of performance that is encouraging across all authorities, regardless of deprivation status.
It has highlighted a disparity between the two authorities studied in recycling performance and more particularly green waste recycling which provides areas of further study to better understand the reasons for this and to inform management so appropriate actions can be taken to improve failing areas.
GIS is a worldwide system that is helping to provide information to environmental managers across the globe in every conceivable discipline and situation and is an asset to better understanding and decision making at this time of rapid climate change.
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